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INTRODUCTION 
Scallop fisheries for Patinopecten yessoensis in Japan are found mostly from 
Mntsu Bay and northward. Since 1966, their culture by the hanging method 
has been extensively carried on not only in these regions, but also in the 
coastal waters of the Sanriku district 
which lies to the south of Mutsu Bay 
(Fig. 1). Its production especially in 
Iwate Prefecture increased conspicu-
ously with years and reached 3,200 
ton in 1971 (fiscal year) and 7,033 ton 
in 1972, though all of this production 
does not necessarily mean that the 
method for culture has been the object 
of much scientific research. The seeds 
used for scallop culture in this pre-
fecture have been transferred annually 
from Mutsu Bay or Hokkaido and the 
number of them increased from 13 
million individuals in 1968 (fiscal year) 
to 150 million in 1971. This rapid 
increase was mainly due to the mark-
ed expansion of seed production in 
Mutsu Bay. 
One of the most troublesome pro-
blems that arise when we cultivate 
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Fig. I. Map of Mutsu Bay and the coastal 
waters of the Sanriku district. 
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yessoensis, in the coastal waters of the Sanriku district is that their growth becomes 
very slow or stops dnriug hot summer, suggesting that high water temperatures 
may cause the considerable decline in their physiological activity. In 1972 and 
1973, the scallop culture in some bays of this region suffered from the mass mortality 
of more than 50% that occurred from spring to early fall mainly among one year 
old scallops. Usually, their seeds are transferred to these bays in November or 
December, so it is suggested that the mass mortality is closely related to the mark-
ed decline in their physiological activity caused by unknown factors from the winter 
to the latter part of the spring. Thus, we strongly feel that the analysis of the 
seasonal change in the physiological activity of sacllop is needed as one of the 
biological bases· for culture management. 
SEASONAL VARIATION IN PHYSIOLOGICAL AcTIVITY 
TV ater Temperature, Growth and Gonad Index 
In Fig. 2 are shown the seasonal changes in the noontime water temperatures, 
the shell length, the dry meat weight and the respective gonad index of one or two 
year old scallops in Onagawa Bay, Miyagi Prefecture (Fig. 3). They were culti-
vated at a depth of 6 m by the hanging method. The juveniles of these scallops 
1967 1968 
Fig. 2. Seasonal changes in the noon~time 
water temperatures (6 m in depth) 
observed in the vicinity where scallops 
were cultivated, the shell length, the· 
dry meat weight and the respective 
gonad index (dry gonad weight x 100/ 
dry meat weight). The vertical lines 





Fig. 3. Map of Onagawa Bay. 
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which had been hatched out of fertilized eggs in May, 1966, at the Mohne 
Laboratory of the Oyster Research Institute near Kesennuma City, Miyagi 
Prefecture, were transferred to Onagawa Bay at the end of April in 1967 for this 
study. 
The highest temperature (23°0) was recorded from the middle to the latter 
part of August in 1967, while the lowest WC) was measured in the middle of 
February in 1968. A sharp increase in soft body weight was noted especially from 
mid-December to mid-March. The seasonal change in gonad index was negligible 
before December in 1967, but a sharp increase was found in and after December 
when the sexes of scallops became distinctly separable with the naked eye. The 
highest index was seen in the middle of February in 1968 dnriug the period of 
lowest temperature. Mter that, the index fell with the rise of water temperature. 
In short, there was a reciprocal relationship between water temperature and 
gonad index. It was noticed, in relation to the spawning, that the widest range 
in the index was obtained in March, 1968, and that a considerable fall in the 
index was seen from April to May. 
Ciliary Activity of Gill 
The ciliary activity of gill which has been considered as an indicator for the 
physiological activity of scallop was measured by the method of Nomura and Tomita 
(Nomura and Tomita, 1933; Tomita, 1955). 
Namely, gill pieces were cut off from the 
gill lamella and. the crawling speed was 
measured in a graduated straight glass 
tube. As Fig. 4 shows, this activity was 
high during the period of low temperature 
(6-7°0), from February to April, and it 
was low during high temperature (over 
20°0), from July to September. The 
decline in ciliary activity was far more 
marked in two year old scallops than in 
one year old ones. This result suggests 
that the decline in activity during summer 
may be intensified by the physiological 
burden related to the reproduction. 
Respiratory Metabolism in '/.'issues 
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Fig. 4. Seasonal changes in the ciliary 
activity of scallop gill. The mean 
values (circles) and the 95% con-
fidence limits (vertical lines) are 
shown. Temperature for measure-
ment, 20.0±0.1°0. 
In addition to the crawling speed of gill pieces, the tissue respiration also 
was investigated to infer the physiological activity of scallop. The experiments 
were carried out from August to December in 1968. The experimental materials 
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Fig. 5. Effect of temperature 
on the oxygen consumption 
of various tissues of scallop 
from August to September. 
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collected at the Oyster Research Institute in the spring of 1967 and transferred to 
this bay late in November. The oxygen consmnption in the digestive diverticula, 
gill, gonad, adductor muscle, pallial margin and kidney was measured using the 
Warburg apparatus. 
The effect of temperature on the oxygen consumption of these tissues from 
August to September is given in Fig. 5. The order of magnitude of respiratory 
rate was kidney>gill and digestive diverticula>gonad, adductor muscle and 
pallial margin. All these tissues formed typical optimum curves. As Fig; 6 
indicates, this order was also unchanged from November to December. However, 
the optimum temperature at this period was not necessarily the same as that from 
August to September. The difference in the optimum temperature between these 
two periods was marked especially in the digestive diverticula; 27°C in the former 
and 36oC in the latter (Fig. 7). This result suggests that the chemical composition 
of respiratory substrate may change in this organ. 
In the gill, no significant difference in the optimum temperature was noted 
between these two periods (Fig. 8). The respiratory rate, however, was higher 
Fig. 6. Effect of temperature on 
the oxygen consumption of 
various tissues of scaliop from 
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Fig. 7. Oxygen consumption of 
the digestive 4iverticula of 
scallop determined from Au-
gust to September and from 
November to December' iit 
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Fig. 8. Oxygen consumption of 
the gill of scallop determined • 
0 
from August to September 
• and November to December in relation to temperature. 
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in November to December than in August to September at all temperatures for 
measurement, indicating that by December the gill recovers the activity of 
oxidative metabolism which declined in summer. It is thought that this 
recovery contributes to the increase in ciliary activity of scallop gill after December. 
In Fig. 9 are shown the changes in the oxygen consmnption and respiratory 
quotient (RQ) of the digestive diverticula of one year old scallops from August 
to December in 1973. They were transferred from Mutsu Bay to Kesennmna Bay 
(Fig. 10) in December of 1972 and cultivated in one of the non-mortality areas of 
the latter bay, Hashikami area. The oxygen uptake and carbon dioxide evolution 
were measured at 20°C using Warburg manometers. Three reaction manometers 
and one thermobarometer were used in each measurement. The oxygen con-
smnption showed a gradual recovery trend during this experiment from smnmer 
to winter. The mean RQ of about 1.3 was observed in August, probably indicat-
ing not only the utilization of carbohydrates as the main respiratory substrate but 
also the active synthesis of fats in this organ. Mter that, the RQ showed a 
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Fig. 10. Map of Ofunato Bay, Hirota. Bay 
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Fig. 9. Changes in the oxygen 
consumption and respiratory 
quotient of the digestive di-
verticula of scallop from Au-
gust to December. The mean 
values (circles) and the 95% 
confidence limits (vertical 
lines) are shown. O, oxygen 
consumption. e, respiratory 
quotient. Temperature for 
measurement, 20.0±0.1 °0. 
0:\TE OF SAMPLING 
Fig. ll. Seasonal change in the chemical 
composition of the entire soft body 
of scallop; ordinate, % of soft body 
wet weight for water, % dry weight 
for other components. t: The sexes 
were not identifiable with the naked 
eye. 
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utilization of fats as the main respiratory substrate. In short, the result of Fig. 9 
indicates that there is a reciprocal relationship between the oxygen consumption 
and RQ in the digestive diverticula from August to. December. Accordingly, it 
is supposed that this organ recovers the activity of oxidative metabolism by means 
of efficient utilization of its own stored lipids as the respiratory substrate. 
As given in Fig. 11, the lipid content of the entire soft body of one year old 
scallop cultivated in Onaga.wa Bay showed a tendency to decrease from mid-July 
to mid-November, and was lowest in mid-November when sexual maturation 
started. This seasonal change was generally parallel to that of the glycogen 
content. From the chemical analysis of separate body .components (Figs. 12 and 
13), high concentrations of lipids were found in the digestive diverticula where the 
glycogen contsnt was very low and exhibited no significant variation through 
a year. In the middle of August when the water temperature reached the 
maximum, the lipid content of the digestive diverticula of one year old scallop 
was 48% of the dry weight (Fig. 12). This percentage corresponds to 79% of the 
total lipids contained in the entire soft body sampled at the same time. However, 
it decreased rapidly ~ith the fall in the water temperature and reached 22% late in 
November when sexual maturation had just commenced, and late in December 
when the sexes of scallops became separable with the naked eye. The percentage 
(22%) is lower than half .of the content determined in mid-August, and it 
corresponds to 58% of the total lipids contained in the entire soft body sampled 
at the same time. This rapid decrease in the lipid content from August to 
December supports the· previous idea that lipids are increasing in importance as 
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Fig. 12. Seasonal variation in the lipid 
content of separate body components 
of scallop. ? : The sexes were not 
identifiable with the naked eye. 
•· 
Fig. 13. Seasonal change in the glycogen 
content of separate body components 
of scallop. ? : The sexes were not 
identifiable with the naked eye. 
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the respiratory substrate in the digestive diverticula during this period (Fig. 9). 
Hence, it is thought that scallops depend on the lipids accumulated in this organ 
in summer for main energy source in order to recover their physiological activity 
for the coming rapid development of their gonad after December. 
LIMITS OF THE TOLERANCE TO HIGH TEMPERATURES 
In Tables 1 and 2 are shown the QIO values calculated at intervals of 3°0 
on the oxygen consumption of various tissues of one year old scallops from 
August to September and from November to December. These experimental 
materials are just the same that were used in Figs. 5 and 6. It was found that 
the "Q10-Regel" of van't Hoff applied fairly well to the lower range than the 
optimum temperature. 
The relation of the difference between the maximum and minimum of Q10 
values to the temperature range is summarized in Fig. 14. At either period, 
this difference showed its minimum in the temperature range of 2-24°0, This 
difference, namely, the measur~ of dispersion of Q10 values represents approximately 
Table I 
Q10 values calculated at intervals of 3°0 on the oxygen consumption 
of various tissues of scallop from August Jxl September. 
Temperature (0 0) Kidney Gill I D.d. Gonad A.m. 
12-15 1.31 2.36 1. 00 2.23 1.2!1 
15-18 2.29 2.81 1.22 2.31 1. !18 
18-21 3.07 2.61 1. 58 2.61 1.95 
21-2!1 2.31 2.7!1 2.!13 2 53 2.51 
2!1-27 1. 8!1 1. 66 1. 72 2.15 2.25 
27-30 1.38 1. 23 1. 06 1.28 1. !11 
30-33 1. 09 0. 3!1 0.65 0.92 0.92 
33-36 0.89 0.2!1 0.55 0.53 0.52 
36-39 0.66 0.30 0.86 0.20. 0.51 
D.d.=Digest1ve dtvertiCula, A.m.=Adductor muscle, P.m.=Palhal margm 
Table 2 
Q10 values calculated at intervals of 3°0 on the oxygen consumption 
of various tissues of scallop from November to December. 
Temperature (0 0) Kidney Gill I D.d. Gonad I A.m. 
12-15 1. 07 1.08 1.19 1.56 0.89 
15-18 1. 06 ].56 1.18 2.10 1. 21 
18-21 1.23 1.57 1.!16 1.84 1.!12 
21-2!1 1.55 1.66 1.59 1.67 1.8!1 
2!1-27 1.86 1. 93 1.86 1.91 1.88 
27-30 2.23 1.50 1.76 2.7!1 2.06 
30-33 1.69 1.25 1.68 2.17 1.41 
33-36 0.97 0.58 1. 0!1 0.87 0.85 
36-39 0.!18 0.25 0.53 0.6!1 0.62 
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Fig. 14. Relation of the difference between the maximum and minimum of Q10 values 
calculated on the oxygen consumption of various tissues of scallop to the temperature 
range. 
the degree of discrepancy in irritability to temperature among the tissues examined. 
Therefore, it is thought that these tissues do not function organically under the 
condition. of higher temperatures than 21-24°0 and then the physiological 
catastrophe occurs in the scallop. 
In the customary method for determining the limits of the physiological 
tolerance of aquatic animals to high temperatures, intact animals are kept under 
the temperatures for test. Accordingly, the limits obtained often vary with the 
temperature conditions where experimental materials lived before test. However, 
the tolerance limits of scallop at the two periods revealed by means of the present 
method coincide with each other, in spite of the considerable difference in the 
effect of temperature on the tissue respiration between these periods (Figs. 5 and 
6). This suggests that the effects of temporary irritability or acclimatization 
which disturb the determination of the true limits of tolerance are eliminated in 
the present method. 
MAss MoRTALITY 
GentJral View 
In 1972, no data are available on the exact mortality rate of juvenile scallops 
which were transferred from Mutsu Bay to Iwate Prefecture in November or 
December of 1971 and cultivated there. However, it is speculated that over 50% 
of the approximately 60 million scallops transferred to Yamada Bay (Fig. 15) died 
in 1972. Such large-scale deaths of scallops are also speculated to have occur in 
Ofunato Bay and Hirota Bay (Fig. 10) in the same year. The scallop production 
from the two bays of Yamada and Ofunato accounts for 90% (in the fiscal 1971) 
and 83% in (1972) of all the crop in Iwate Prefecture. Hence; the mass mortality 
of scallop in this prefecture became an object of public concern. 
K. MORI 
Fig. 15. Map of Yamada Bay and Toni 
Bay. 
In 1973, the detailed investiga-
tion on the mortality rate of the 
scallops under culture there was con-
ducted by the authorities concerned 
of the I wate Prefectural government. 
According to it, the mortality rate up 
to December of 1973 of juvenile 
scallops which were transferred from · 
Mutsu Bay in 1972 and cultivated was 
67% in Yamada Bay, 85% in Ofunato 
Bay, 80% in Hirota Bay and 90% 
in Miyako Bay (I wate Prefectural 
Fisheries Promotion Section, 1974). 
In Kesennuma Bay of Miyagi 
Prefecture, one year old scallops began. 
to die from the end of May in 1972 
and then two year old ones also died 
in hot summer. It is estimated that 
this bay lost 87% of juvenile and 
adult scallops, namely, 17 million in-
dividuals up to the end of August 
in 1972 (Miyagi Prefectural Kesennuma Fisheries Experimental Station, 1972). In 
1973, the mass mortality occurred not only in Kesennuma Bay but also in Shizugawa 
Bay near Kesennuma. 
Moribund scallops in these farms were commonly characterized by the 
deformity or incision of shell margin, the adhesion of brown film-J.ilre substance on 
the inside of shell margin, and the atrophy of pallial margin (Miyagi Pref. 
Kesennuma Fish. Exp. Sta., 1972; Egusa, 1973; Iwate Pref., Fish. Pro. Sec., 1973). 
At the period of mass mortality, however, it was difficult to find out some common 
enviromnental factors which were thought to be directly connected with its 
occurrence. Hence, it is suggested that the analytical studies on various factors 
related to the decline in physiological activity of young scallop during the period 
from late spring to early summer when the mass mortality occurs are needed 
together with more detailed enviromnental investigations in order to clarify its 
causative agents. 
Hypothesis on a Possible Gause 
From the above-mentioned general view of the mass mortality, our preliminary 
biological observations on moribund scallops found in various farms and reproduc-
ed artificially in some experimental conditions, and some enviromnental data, the 
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Fig. 16. Schematic diagram illustrating a hypothesis on the physiological progres~ unti~ d~th 
of juvenile scallop under hanging culture in the coastal waters of the Sanriku distriCt. 
P.A., physiological activity. H.W.T., higher water temperature than usual. M.D., 
metabolic disturbances. A.A.S.M., abnormal acceleration of sexual maturation. 
I.I.S.R., incomplete or impracticable spawning and reabsorption. I.I.S., incomplete or 
impracticable spawning. D.C., dense cultivation. I.S.F., insufficient supply of foods. 
progress until death of juvenile scallop under hanging culture in the coastal waters 
of Sanriku district (Fig. 16). This hypothesis was advanced at the Meeting for 
Intermediary Report of Studies on Scallop Mortality held in Kamaishi in 
November of 1973. As has been stated, the physiological activity of scallop 
changes with the season or its growth even under normal enviromnental conditions. 
Accordingly, the term "normal activity" appeared in this diagram means the 
level of activity that a healthy scallop of the same age is expected. to show at the 
same season under normal environment. The ter1n "decline in activity" means 
that the activity declined to a lower level than the above-mentioned one. 
This hypothesis consists of three types of progresses (I-III) that differ in the 
period of death. What is common tc these progresses is the supposition that 
abnormal acceleration of sexual maturation of juvenile scallops and the subsequent 
disorder of sexual cycle resulting from incomplete or impracticable spawning due to 
insufficient maturation of their gonads and other factors may bring about various 
types of metabolic disturbances under the influence of dense cultivation and others. 
It can readily be imagined that the abnormal acceleration of sexual maturation in 
the coastal waters of Sanriku district is caused by such enviromnental conditions 
as the higher water temperatures in winter than those observed in Mutsu Bay and 
northward. 
An increase in effect of metabolites on scallops and an augmentation of 
biological _stress among them as well as the oligotrophication due to insufficient 
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supply of foods are supposed as the effects of dense cultivation in this hypothesis. 
Substantiation of This Hypothesis 
(1) Effect of Higher Water Temperatures in Winter than Usual on the Sexual 
Maturation of Juvenile Scallop 
In the coastal waters of Sanriku district, the temperatures observed both from 
the winter of 1971 to the spring of 1972 and from the winter of 1972 to the spring 
of 1973 were higher than usual (Iwate Pref. Fish. Exp. Sta., unpublished data) and 
the mass mortality occurred from spring to early fall in both 1972 and 1973 mainly 
among one year old scallops under culture. However, this region experienced 
extremely 1ow water temperatures which were caused by unusually close proximity 
of a cold water mass, from mid-February to late April in 1974, after this hypothesis 
had been advanced (Fig. 17). It is thought that such low temperatures can 
suppress the sexual maturation of juvenile scallops. Hence, it is expected that 
there can be a small mortality in 1974, if this hypothesis is reasonable. Really 
this expectation has come true, though other environmental conditions such as high 
temperatures in hot summer this year are similar to those in 1973. This indicates 
that. higher water temperatures in winter constitute a very important factor in 
the occurrence of mass mortality of juvenile scallops. 
o------o October, 1972-Aprll, 1973 
- April, 1973-Apr11,1974 
"" 
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Fig. 17. Seasonal changes in 
the mean water tempera-
tures (0 m in depth) in TOni 
Bay. 
In 1973, Mori and Osanai (1974a, b) carried out histological studies on the 
seasonal variation in gonad of scallops under culture in Toni Bay and Yamada 
Bay (Fig. 15) and showed that gonadal maturation proceeded rapidly during 
winter even in scallop seeds under one year of age, though their sex differentiation 
was unstable. In Mutsu Bay of Aomori Pref. and Funka Bay of Hokkaido, sexual 
maturation in such scallop seeds was observed to be suppressed in winter (Mori 
et a!., 1974a). 
During the period from November to January, the sexual maturation of 
juvenile scallop proceeds more rapidly in Yamada Bay than in Toni Bay (Mori 
and Osanai, 1974a, b,; Mori et a!., unpublished data). This may be successfully 
explained in terms of the difference in condition of food supply (Hir?se, 1972; 
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Tsujita, 1973; Mori et a!., 1973; Mori et a!.," unpublished data). 
(2) Insufficient Supply of Foods and Metabolic Instability 
71 
Usually, the condition of food supply in Toni Bay and Yamada Bay 
reverses itself during the period from February to March. In Toni Bay, this 
condition takes a turn for the better (Mori et al., unpublished data). In 
Yamada Bay, however, the standing crop of planktons becomes extremely small 
(Hirose, 1972) and an iropediroent ring and incision are formed on the shell of 
juvenile scallop during this period. Physiologically, it seems probable that such 
an insufficient supply of foods from February to March makes the metabolism of 
juvenile scallops unstable, because their need for feeding has been intensified by 
both the abnormal acceleration of sexual maturation from November to January 
and higher water temperatures in winter than usual. Consequently the scallops 
exhibit a considerable decline in physiological activity. 
On the other hand, it is likely that· this insufficient supply of foods to juvenile 
scallops is partially due to the active intake of foods by a tremendous crowd of 
adult scallops under culture whose gonads are rapidly developing just from 
February to March (Mori et al. and Iwate Pref. Fish. Exp. Sta., unpublished data). 
This is one of the most noteworthy problems for the culture management of 
scallop in the coastal waters of Sanriku district. 
(3) Incomplete or Impracticable Spawning and Reabsorption and Metabolic 
Disturbances 
In general, spawning is observed from April to May in the coastal waters of 
Sanriku district. · During this period of 1973, however, little or no spawning 
was found in juvenile. or young scallops under culture in Yamada Bay where the 
mass mortality occurred in summer. Besides, there were a considerable number 
of individuals possessing many mature eggs or sperms even during the iromature 
stage from July to August. This fact indicates that the reabsorption of their 
gonads was incomplete or impracticable (Mori and Osanai, 1974b). In Toni Bay, 
on the other hand, the reabsorption proceeded normally, though there were some 
juvenile scallops exhibiting incomplete spawning (Mori and Osanai, 1974a). 
The occurrence of various types of metabolic disturbances in juvenile or 
young scallops of Yamada Bay was verified or suggested by our experiroents. 
The mantle showed a disturbance of amino acid metabolism (Mori and Kashiwagi, 
1974). A disorder of lipid metabolism was suggested in the digestive diverticula 
(Ito, Rata and Mori, 1974a, b). A disturbance of glycogen metabolism was 
suggested in the adductor muscle (Mori et a!., unpublished data). Table 3 
summarizes some data from our analysis of free amino acids in the mantle tissue. 
It is worth noting that their content in Yamada Bay was extremely low in August 
when very high mortality was experienced. 
These metabolic disturbances were frequently found particularly in some 
farms where scallops were densely cultivated, revealing that they occur under the 
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Table 3 
Free amino acids (~tmolesfg wet weight) in the mantles of one-year-old 
scallops under hanging culture in the coastal waters 
of Sanriku district. 
June August 
Amino acid 
T y T 
Lysine 0.231 trace 0.282 
Histidine 0. 109 0.152 
Arginine 4. 562 4. 248 4.098 
Aspartic acid 0.236 0.330 
Threonine+Glutamine 0.902 
Serine+ Asparagine 0.469 0.256 0. 304 









Glycine 129. 795 104.052 113.238 39.154 
Alanine 6. 054 4.312 4.300 0.217 
Valine 0.166 trace 0.306 trace 




T=Toni Bay, Y=Yamada Bay 
influence of dense cultivation. In such farms, water pollution was often observed 
more or less especially from May to September (Mori and Fujita, 1974). This 
seems to be mainly due to the metabolites from numerous scallops cultivated there. 
(4) Experimental Reproduction of Abnormal Mortality 
If this hypothesis is reasonable, it is expected that the abnormal mortality 
is reproducible from l\'Iay to July under such experimental conditions of oligotrophy 
or oligotrophy plus a certain stress accelerator. The author and his coworkers 
(l\'Iori et al., 1974b) tried such an experiment using a large-sized indoor tank in the 
l\'Iiyagi Prefectural Kesennuma Fisheries Experimental Station and obtained 
the result shown in Table 4. One year old scallops transferred from lVIutsu Bay to 
Table 4 
Growth and mor tality of scallop under two kinds of experimental 
conditions, oligotrophy and oligotrophy plus vibration. 





Shell length mm] 
Shell height mm Average at the 
Shell width mm end of experi-
Shell weight g ment 
Wet meat weight g 












16. 3(27. 3) 








14. 9(16. 4) 
7. O( - 28. 6) 
59.8 
* Parenthesized numbers show the rate of increase (%) during the experiment. 
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Kesennuma Bay in December of 1972 were used as the materials. The control 
animals were kept in one of the non-mortality areas of the latter bay, Hashikami 
area. In this experiment, oligotrophy was regarded as one of the effects of dense 
cultivation. Transversal vibration (amplitude, 20 em; frequency, 25 times/min.) 
was given to scallops for 2 minutes every day, because this was supposed as one of 
accelerators to augment the biological stress caused by the condition of hanging 
cultivation. Besides, the augmentation of biological stress among scallops was 
imagined to be more st rongly accelerated under the dense cultivation, so t he 
experimental condition of oligotrophy plus vibration was employed. 
As Table 4 shows, the growth in the experimental groups was decidedly 
inferior to t hat in the control. Scallops in the experimental groups showed high 
mortality of 48% or 60%, while the control animals had very low mortality of less 
than 3%. Moribund scallops exhibited the deformity or incision of shell margin, 
Fig. 18. An experimental scallop showing the incision of shell margin. The opposite 
shell margin exhibits an anomalous growth. X 0.6. 
Fig. 19. An experimental scallop showing the adhesion of brown film-l ike substance on the 
inside of shell margin. The atrophy of pallia.! margin is so conspicuous that the eyes 
are hardly able to be distinctly observed. X 0.6. 
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Fig. 20. General view of the abnormal mantle of an experimental scallop. Inflammation, 
separation and falling-off are observed in the epithelia of the sensory fol d (SeF ) and 
shell fold (SF). Eemarkable folding is found in the shell-side epithelia (S) of the 
mantle. This fold ing and the roundness at the tip of shell fo ld are ca.used by the 
atrophy of pallial margin. The marked infiltration of amoebocytes is seen in the 
connective t issues of the above-mentioned two folds (SeF, SF) and in the mucous 
membranes of the shell-side epithelia (S). No secretion from the periostracal gland 
(arrow) is recognized. E - eye. V- velum. H ematoxylin-eosin (H-E) stain. 
x 36. 
the adhesion of brown film-like substance on the inside of shell margin, and the 
atrophy of pallial margin (Figs. 18 and 19). These outward symptoms are exactly 
the same as those given by moribund scallops in several farms of the Sanriku 
district. Fig. 20 is the picture showing a general view of the mantle of an 
abnormal scallop. Serious pathological changes were also observed in the 
digestive diverticula (Figs. 21 and 22) and adductor muscle (Figs. 23 and 24) of the 
same scallop. No pictures suggesting a bacterial infection or parasitic invasion 
were found in the organs examined. These histological observations are in 
accord >vith those of abnormal scallops sampled in the farms where the mass 
mortality occurred. 
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Fig. 21. Digestive d iverticula of a control scallop sampled on July 25. Most of the 
tubules consist of a large number of highly developed fat cells. D - duct. T -
t ubule. H-E stain. X 90. 
Fig. 22. Digestive diverticula of an expm·imental scallop sampled on J uly 25. Few 
tubules (T) possess many well-developed fat cells. The lumina of t he ducts (D) are 
enlarged. An intense amoebocytic infiltration is observed in the connective t issues. 
H-E stain. X 90. 
From the above-mentioned facts, experimental results and discussion, it may 
be concluded that our hypothesis on the possible cause of the mass mortality of 
juvenile scallops under hanging culture in the coastal waters of the Sanriku 
district is reasonable. 
Countermeasures for Mass Mortality 
According to our hypothesis (Fig. 16), the following subjects can be proposed 
as the tentative countermeasures for the mass mortality of juvenile scallops. 
(1) Reexamination of the time when scallop seeds are transferred to the 
coastal waters of the Sanriku district. 
(2) Prevention of excessively dense cultivation of scallops and thorough 
conservation of scallop-farm's environment. 
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Fig. 23. Adductor muscle of a control scallop. No pathological change is found. 
H -E stain. X 90. 
Fig. 24. Adductor muscle of an experimental scallop. The inflammation of muscle 
fibers and. the hyaline degenerat ion are clearly recognized.. H -E stain. x 90. 
(3) Development of the equipment that seldom gives a vibration to scallops 
under hanging culture. 
Concerning the first subject, an introduction of semi-adult seeds instead of 
juveniles, for example, may be acceptable as a countermeasure. The author 
has already proposed to make a few bases for semi-adult seed supply in the coastal 
waters of the Sanriku district (l\1ori, 1974). Toni Bay is expected to be one of the 
bays available as such bases. 
Regarding the second subject, it is most important for us to find as soon as 
possible how to estimate justly the number of scallops that can be normally 
cultivated in each bay, though this is very difficult because each bay has its own 
environmental characteristics and the environmental conditions are changeable 
even in the same bay. The lwate Prefectural Fisheries Experimental Station is 
trying to estimate this number of scallops in each bay of lwate Prefecture on the 
base of the P/S ratio of Mori and Hirose (1974) in order to guide fishermen in their 
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prevention of excessively dense cultivation of scallops. 
Concerning the third subject, at least, the conversion of the present raft 
culture to the long-line culture is needed in Yamada Bay, Ofunato Bay and 
Kesennuma Bay where the mass mortality occurred, because the long-line method 
possesses the advantage of withstanding winds, waves, and currents better than 
the raft method. 
SUMMARY 
The present study was carried out in order to investigate t he seasonal change 
in physiological activity of scallop, Patinopecten yessoensis, under culture in the 
coastal waters of Sanriku district, Japan and to clarify the causative agents of their 
mass mortality. 
The physiological activity revealed by the crawling speed of gill pieces was 
high during the period of low water temperature (6-7°0}, from February to April, 
and it was low during high temperature (over 20°0}, from July to September. The 
decline in activity during summer was suggested to be intensified by the physio-
logical burden related to the reproduction. This seasonal change in physiological 
activity was confirmed by the manometric investigation. In addition, the 
metabolic significance of respiratory substrate in tissues was discussed in relation 
to this seasonal change. 
From the manometric investigation it was concluded that the tissues of 
scallop do not function organically under the condition of higher temperatures 
than 21-24°0 and then the physiological catastrophe occurs in the scallop. 
From the general view of the mass mortality, our preliminary biological 
observations on moribund scallops and some environmental data, the author 
prepared a schematic diagram illustrating a hypothesis on the physiological 
progress until death of juvenile scallop under hanging culture in the coastal 
waters of Sanriku district. This hypothesis consists of three types of progresses 
that differ in period of death. What is common to these progresses is the 
supposition that the abnormal acceleration of sexual maturation of juvenile 
scallops and the subsequent disorder of sexual cycle resulting from incomplete or 
impracticable spawning due to insufficient maturation of their gonads and other 
factors may bring about various types of metabolic disturbances under the 
influence of dense cultivation and others. 
The substantiation of this hypothesis was tried and it was found t hat this 
hypothesis is reasonable. Finally, three tentative countermeasures for the mass 
mortality of juvenile scallops were proposed according to this hypothesis. 
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